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ABSTRACT 
This work presents an:. analysis of continuous folded 
plate roofs considering the effects of relative joint 
displacements. For this analysis the normal modes of 
the lateral beam v·ibration were used as the form of the 
deflection·curve and the loading was sinusoidal. By using 
symmetry and anti-symmetry, a possible method of analyzing 
prismatic folded plate roofs comprising one bay transver-
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LIST OF SYMBOLS 
~ cross sectional area of plate n 
= h~r1zonta1 length of plate n(slsb seot1on) 
• carry over factor from joint n to joint n+l 
= stress distribution factor at joint n of 
plate n+l 






top, at bottom and at joint n 
= modulus of elast1o1ty 
= moment of inertia 
=plate height (slab section) 
= span length 
= bending moment 
= normal load 
= resultant shearing force at joint n 
= plate loads on plate n due to slab reaction 
at joint n-1 
R = slab reaction 
kn = factor for the actual joint displacement 
resulting from an arbitrary rotation of plate n 
S = section modulus 
. Tn =longitudinal shearing force at joint n 
t = plate thickness 
Vn = vertical jo1nt settlement of joint n 
v = shearing stresses 
I' 1 ' . 
= deflection of plate n in 1ts own plane 
~ the angle between n and n+l at joint n 
= relative joint displacements of plate n 
= the angle between plate n and the horizontal 
I. INTRODUCTION 
Folded plate structures have aroused att~nttnn in 
r~c~r1 t years h~oRnsA of the 1r flll(10nomic adventAF\e and 
architectural appearance. Longer spans may be obtained 
due to the inherent stiffness without an increase in 
material requirement, This type of structure has gained 
increasing popularity and offers more advantages than 
more complex stru0tures, such as cylindrical shells, 
arches and frames. 
1 
The ASCE Task Committee on Folded Plate Construction 
issued a report in 1963 in which they summarized the 
status of analyses for folded plate structures and pro-
vided a·n extensive list of references on prismatic shells. 
Most of the methods are limited to folded plates on 
simply supported spans. 
The primary purpose of this investigation is the 
determination of the stress distribution and the effects 
of relative joint displacements for folded plate struc-
tures continuous over two or more intermediate supports. 
The analysis is based on an extension of Gaafar's 
method which has been modified and recommended as a 
dependable and satisfactory method of analysis for pris-
matic folded plates on simple spans by the ASCE Task 
Committee. 
2 
Since one of the assumptions made in folded plate 
roof deAign is that the supporting members {diaphragms, 
beamA, frames, etc.) are :infi.nltely stiff in their own 
planes and completely flexible normal to their own planes, 
folded plate structures continuous over two spans longi-
tudinally might be considered as two separate spans with 
one end simply supported and the other built-in. If there 
are more than two spans, the structure could be analyzed 
by assuming that the middle spans have both ends built-in 
and the exterior span has one simply supported end and one 
built-in end. 
It is necessary to select a sinusoidal load so as to 
deflect the slab to conform with the deformed plates. The 
distribution of these sinusoidal loads along the structure 
is according to the normal function of free vibration, 
which will make the plate deflection proportional to the 
load distribution. The use of the normal function results 
in a considerably simplified procedure for finding the 
stresses and deflections in continuous structures, regard-
less of the type of external load acting on the structure. 
In analyzing continuous folded plate structures, the 
foll~wing basic assumptions will be followed which are 
recommended by the ASCE Task Committee: 
(l) Th• m•b•~1$l t~ hamoK~n~au• and lln~~rlr -1-~tla. 
(2) The actual deflections are minor- relative to the 
overall configuration of the structure. Conse-
quently, equilibrium conditions for the loaded 
stru~t11re may be developed using the configura~ 
tion of the undeflected structure. 
(J) The principle of super-position holds; this 
assumption is actually derivable from the pre-
vious two assumptions. 
(4) Longitudinal joints are fully monolithic with 
the slab acting continuously through the joints. 
(5) Each supporting end diaphram is infinitely stiff 
parallel to its own plane but 1s perfectly 
flexible normal to 1ts plane. 
4 
II. REVIEW OF LITERATURE 
The principle of folded plate oonstruotlon was first 
d~veloped by Mr. o. Ehlers and Mr. Creamer(l, 2 ) 1n Germany 
in 19JO. They considered the various plate elements as 
beams supported at the joints and end diaphragms. Alrmg 
the long1 tud 1nal edges, t·he plates were assumed to be con-
nected by hinged joints. They proposed a folded plate 
theory based on a linear variation of longitudinal stress 
in each plate but neglected the effects of the relative 
displacements of the joints. Since that time, there have· 
been numerous papers written on the subject. Messers. 
Winter and Pei(J) published a paper in 1947 in which they 
transformed the algebraic solution into a stress distri-
bution method, which has the advantage of numerical sim-
plioity over the algebraic procedure. 
The first method to take into account the effect of 
relative joint displacement was proposed by Messers. 
Gruber and Gruenlng( 4 ,5). For determination of the ridge 
moments and displacements, Mr. Gruber developed his solu-
tion in the form of simultaneous differential equations 
of the fourth order. Consequently, he concluded that the 
influence of the rigid connections ought not to be 
neglected. 
aeoently, M~. I. Oaarar< 6 > en~ M~. o. ¥1t~hak1(?.S) 
have introduced methods which consider separately the 
5 
lonp;itudlnal distribution of transverse moments clue to 
applied loads as distinct from that due to relative joint 
displac8rnent. 
Finally, the ASCE Task Committee on Folded Plate 
Construction( 9 ) has reported an interesting study of the 
available methods for the analysis of folded. plate struc-
tures and recommended a design method for prismatic folded 
plates on simply supported spans. 
A limited amount of work was done on continuous 
folded plate structures by Mr. Gruber(lO) in 1952. He 
developed a series of simultaneous differential equations 
of higher order for the solution. From a practical point 
of view, this work calls for prohibitively extensive 
rna thematlcal computations. 
Portland Cement Assoclation Bulletin #J(ll) suggests 
two approaches for analyzing continuous folded plates. 
Wi t;hou.t further explanation, the paper mentions the 
complexity of this theory for continuous folded plate 
structures which is due primarily to the fact that the 
transverse distribution of longitudinal stressesis not 
uniform throughout the length of the folded plate as for 
simple spans. One expedient way which might be employed 
to overcome this difficulty is relaxing the requirement of 
satisfying the condition of compatible deflections at mid-
span. The deflection of each plate at midspan is deter-
6 
has been used and has given satisfactory results 1s to 
proportion the longitudinal stresses over the support and 
at midspan on the basis of the moments created 1n a con-
tinuous beam whose spans ate equal to those of the folded 
plate. In this approximation, the transverse distribution 
is based on an effective span length equal to the distance 
between the points of inflection of the oontinuouR beam. 
Mr. Ashdown(l 2 ) presented a complete calculation for 
a three span continuous prismatic roof but neglected the 
effect of the relative joint displacement. He assumed 
that a plate which is continuous over supporting stiffen-
ers can be considered as an ordinary continuous beam for 
the determination of the longitudinal bending momP.nts at 
the ends of any span. 
As for the continuous folded plate structure consid-
ering the effect of relative joint displacement, Mr. D. 
Yitzhaki(?,S) originated the particular loading and slope-
deflection method for analyzing continuous two span folded 
plate structures. 
An analytical solution for the interior panel of a 
multiple span, multiple bay, ribless prismatic shell was 
presented by Lee, Pulmano and Lin(lJ) in February, 1965. 
The general approach is similar to the treatment of con-
tinuous ribless cylindrical shells, but the study is 
limited to the 1nvest1~at1on of the interin~ nAn~l n~ 
7 
loads uniformly distributed in the longitudinal direction. 
It is also necessary to solve 8r simultaneous linear 
equations, where r is the number of plates, fol"' each 
harmonic of ttlhe trigonometric series. 
The method developed in this thesis is a synthesis 
of many methods outlined above. It can be applied to 
multi-span continuous folded plate roofs under symmetrical 
loadings which include distributed loads, concentrated 
loads and inclined loads. In order to make a comparison, 
the author of this paper used the same assumptions of 
loading and other conditions of Mr. Yitzhaki and 
Mr. Ashdown and extended Mr. Gaafar's method to two and 
three-span continuous folded plate roofs. 
III. PROPOSED METI10D OF ANALYSIS OF CONTINUOUS 
FOLDED PLATE ROOFS 
The nomplexity of the analysis of continuous folded 
pl~tes is due primarily to the fact that end restraint of 
continuous folded plates creates longitudinal stresses at 
the intermediate supports which are infinitely stiff in 
the plane of loads and are assumed as clamped. 
8 
In dealing with continuous folded plates with two 
equal spans, since the loading is symmetrical about the 
intermediate support, only one span need be investigated. 
The statical behavior of every span is that of a single 
shell, built-in at the middle traverse and freely sup-
ported at the outer traverse. The stresses and elastic 
curves are similar to that of a beam with one end built-in 
and the other freely supported. For three-span and multi-
span continUOllS folded plates, the same assumption will be 
made in exterior spans, and the support condition of 
intermediate spans will be considered as built-in at both 
ends. 
The analysis is divided into three parts in the same 
manner as the method of analysis for simply supported 
shells, and in addition, the effect of continuity over 
the supports is considered. 
A. Elementary Analysis 
The first step in the analysis is the computation 
of the forces and of the transverse and longitudinal 
stresses acting at the edges of each plate element, 
neglecting the effect of the relative displacement of the 
joints. 
The roof in the transverse direction is considered 
9 
to be a continuous one way slab supported on rjgid sup-
ports at the joints. All loads carried transversely to 
the joints are considered to be transferred longitudinally 
to the end supporting members by the plates acting as 
inclined simple beams. The reactions at the joints are 
resolved into plate loads in the planes of the plates. 
Longitudinal stresses will be determined from these plate 
loads, and corrected in a manner similar to the moment-
distribution method. From the equalized edge stresses, 
the plate deflection at 0.41 of the exterior span and at 
mid-span of the middle span will be obtained. 
B. Correction Analysis 
The second step in the analysis is to provide for the 
effect that the relative transverse displacement of the 
joints has on the transverse and longitudinal stresses. 
This operation is most easily accomplished by apply-
ing arbitrary relative joint displacements successively to 
each plate.and computing the ·resulting plate deflections. 
A number of simultaneous equations equal tc the 
number of restrained plates can be set up from the 




The results of the elementary analysis are added 
algebraically to the corresponding values jn the correc-
tion analysis to give the final forces, moments, stresses 
and displacements. 
D. Normal Curves 
The principal problem associated with the analysis 
of folded plates is that of making the displacements 
computed from the longitudinal behavior compatible with 
the displacements obtained from the transverse behavior. 
In a strict sense not only must this equality of 
displacements be satisfied at. a few points along a strip, 
but the requirement should be satisfied at all points on 
the surface. To secure this, it is necessary to express 
the external loads as a sinusoidal load. 
In the case of single-span roofs symmetrically loaded 
with respect to the middle of the span, the relative 
deflections can be represented by half of a s1ne curve, 
instead of assuming them to vary as the elastic line of 
the corresponding loaded beam. 
11 
In the case of multispan roofs, or of roofs on wh1oh 
the loads are far from being symmetrical about the middle 
of the span, this sine curve treatment cannot be used with 
accuracy, and a specific form of elastic curves, known as 
the normal modes of lateral beam vibrations have to be 
ado~ ted. 
The form of the deflection curve of a folded plate is 
the same as that of a beam, which depends mainly on its 
support conditions, regardless of the longitudinal varia-
tion of the load. The use of normal curves would greatly 
simplify the analytical treatment in continuous folded 
plate·. design for- the two most 1mpol"tant cases: (1) the 
beam built-in at one end and freely supported at the othe~ 
and. (2) the beam with both ends built-in. 
"Normal Mode" of vibration of the beam is a definite 
shape 1n which the beam will deflect while vibrating 
harmonically. The mathematical expressions which define 
the normal modes are called charao teri stic functions. 
For each type of beam with specified end conditions 
there is an infinite set of these functions. 
The function of the normal modes will be derived 
from the condition of identity in form of the load and 
the corresponding elastic curves, expressed in the form: 
N ( X ) = ky ( X ) ( 1 ) 
Figure 1. Normal Curves 
Substituting this relation into the differential 
equation of the elastic curve 
12 
4 N(x) = EI d y(x) 
dx4 
(2) 
The load and deflection curves will be expressed 1n 
the form N(x) = N0 f(x), y = y0 f(x), where N0 , y0 , are 
the maximum ordinates of the load and deflection curves, 
f(x) is a function of the coordinate x defining the shape 
of the normal mode of vibration under consideration, which 
is referred to as the normal function. Equation (l) 
becomes 
IV EI f (x) = kf(x) ( 3) 
from which the normal functions for any particular case 
can be obtained, and the general solution of this equa-
tion will have the following form: 
f(x) = c1 (cos nx +cosh nx) + c2(cos nx +cosh nx) 
where 
+ C)(sin nx + sinh nx) + c4(s1n nx + sinh nx) (4) 
~ 
n •l}JET 
In Eq. (4) c1 , c2 , c3, c4 are constants which should be 
determined in each particular case from the conditions at 
the ends of the beam. 
1. Beam with one end built-in, one end simPlY 
supported. 
1) 
Assuming that the left end (x~o) is simply supported, 
the following end conditions are obtained: 
(a) f ( x) =0, x=O, ) (b) f(x):O, x=L, 
(c) f'(x)=O, x=L, (d) f"(x)=O, x=O. 
The conditions of (a) and (d) yield c1=C 2=0 1n the 
. 
general solution of Eq. (4). The remaining two cond1t1ons 
give the following equations: 
s1 nh nL) = 0 ( .5 ) 
c3 (cos nL + cosh nL) + c4 (cos nL - cosh nL) = 0 (6) 
A solution for the constants c3 and c4 , different from 
zero, can be obtained only when the determinant of Eqs. 
(5) and (6) is equal to zero. Therefore, 
tanh nL = tan nL (?) 
The consecutive roots of this equation are: 
3.9266023 7.06858275 10.21017613 1). 35176878 
For purposes of design only the first term needs to 
be ~seloi,. The effeot of th• I\.\OceeC!.1:nc term• will 'bo 
important only in the vicinity of the supports, and will 
not p~oduoe any significant stresses at the section of 
maximum deflection and maximum moment 1n the span. 
Substituting the n1L value into Eq. (5) And Eq. (6). 
the ratio c3;c4 for the first mode of Vibration can be 
calculated and the shape of the dAfleotion curve will 
then be obtained. 
From Eq. (8), it was found that the max~mum deflec-
tion would occur at approxtmately x = 0.419L, and the 
maximum moment at x = 0.)8)L. It would not make a la~ge 
difference if 0.4L is s•lected for maximum moment and 
maximum deflection. This approximation, while acceptable 
for determining the critical stresses and moments, tends 
to obscure the exact dist~ibution of stresses. 
When f(x)x=0. 4L = 1.0641)76, the following equations 
are obtained: 
deflection curve -
fyN= 1 . 06t1376(sin).9266f + 0.02787494 s1nh).9266f> 
moment curve -
-1.0641376 L2 II -L2 II 
fMN = ().9266)2 X 0.93586229 fyN =13.56 fyN 
= 0 • 9 JS~6229 (-sin).9266f+ 0.02787494 sinhJ.9266f) 
I 
shear curve -
r =r~ v-:ol626jl.379t? ... '" . fr~z. 3~r) riii SN ),92 ) x 0.9?21251 y~ 5.)1 yN 
• tr:97~125'f ( ... ece,. 9166f + 0. 02111494 oosh,, 9166f) 
load curve -
= t 4 fiV L4 IV fN J N = --=--- f (). 92 66)~ y 237.72 yN 
l X X 
= l.o641376(sinJ.9266E + 0.02787494 sinhJ.92661) 
maximum deflection -
N L4 M L2 
0 0 





0 so = 55.30 ) 
L 




at x = 0.4L 
at X = 0 .. 4L 
2 
at x = L 
2. Beam with both ends built-in. 
In the case of a beam with both ends fixed the 
boundary conditions are 
(a) f(x}=O, x=O, (b) f'(x)=O, x=O, 
( C ) f ( X) =0 , X =L , (d) f'(x)=O, x=L, 
In order to satisfy the conditions (a) and (b) the 
constants o1 a\14 g' s:h<>ul4 l.;)e eq\Ulll to aero U'l Jtq, ( 4.) • 
15 
l6 
and from conditions (o) and (d) we obtain 
C2(cos nL - cosh nL) + c4(s1n nL - sinh nL) • 0 (q) 
c2 (s1n nL +sinh nL) + c4 ( .. cos nL+oosh nL) = 0 (10) 
in which the frequency equation will be 
cos nL cosh nL = 1 
The first four consecutive roots of thts equation 
are as follows: 
4.7)00408 7.8532046 10.9956078 14.1371655 
(11) 
Substituting the n1L value into Eqs. (9) and (10), 
the shape of deflection curve will be obtained, when 
f(x) • 1.58815 at X = 0.5L 
deflection curve -
moment curve -
t._ I• ,JJ81S l~ f ..rz L l .r--
MN- (4:7J)Z !/II.I•Z.IS"6.S' !JI'I • 1'1.13 yN 
shear curve -
l /. S331,f" Ll 1IL L 3 /. .1/l 
'J"N- (417J)lJCI,,fW{) -411 - ~a~JJ !Jit/ 
17 
load OUl"Ve -
..r L+ £ .:. 1..4 [. jl 
rv • l +. 7S) ~ !IN *' .roo . .t..r !IN 
·- 1 . .r:~IS' (r~sh47.1f' -co$ -I.I.J;f-J- qp.li'(SINA~1J-f-- SJit/4?4£)1 
maximum deflection -





s = ~0~ 
0 J.7.5 
l7.lEI at X = O.,SL 
at X = 0.,5L 
at x = 0 
In comparing the deflection curves caused by the 
normal curve load and uniform load for different support 
conditions.(Appendix) it is observed that the discrepancy 
in the ordinates of the normal curve corresponding to the 
ordinates of the deflection curve caused by uniform load 
is evidently quite small. Hence, the error introduced 
into the analysis by replacing a deflection curve w1th a 
normal curve can be neglected. 
18 
The elastic curve of a beam with one fixed end and 
one simply s~pported end that carries a uniform load, 
having the maximum deflection y0 at 0.4L, is expressed by 
3 4 
fyw = ).86(-Lx - ~ + 2x ) 
L3 ~ 
The elastic curve produced by a uniform load for a 
beam with both ends fixed, having the maximum deflection 
y 0 at mid-span, is 
E. Continuous Folded Plates with Two Equal Spans. 
A continuous prismatic folded plate of the shape 
shown in Figure 2, with two equal spans, and continuous 
over the middle traverse will be analyzed. Since the 
loading is symmetrical about the center line support, 
only one span need be considered. 
1. Resolution of ridge loads. 
Consider a prismatic folded plate loaded along all 
joints. Since in the actual structure there are no 
supports at the various joints, forces of equal but 
opposite magnitude to the reactions are applied to the 
plate struct~e. These ridge loads are assumed to be 
resisted by the plates acting long1tud1nal+Y as deep 
beama. Per th1a ~u~oee the ~eaotions are resolved into 


















J(o)y using the sine 




n+l sin oln+l ,n+2 
law 
By the same reasoning Rn is resolved into its com-
ponents sn,n+l' and sn,n-1 
. cos ~n 
S = R n,n+l n sin ~ +l n,n 
It 1s seen that the total load acting in the plane 
ot plate n+l 1s 
pn+l = 5n+l,n - 5n,n+l 
cos ~n+2 cos ~n 
= Rn+l - R sin dn+l,n+2 n sin ~n,n+l 





- R 1 --:--~~-=-­
n- sin ~-l,n (12) 
2. Stress distribution method. 
These plate loads are applied to the plates as loads 
acting along the enti~e length as shown in Figure 4. In 
6omput1ng the stresses the plates are assumed at first to 
act independently of each other. More·over 1 t is assumed 
thl~ the plates ar$ hQmo&eneoua ana. thet>4ttol"G th~ stresd 
is equal to the moment divided by~the section modulus. 
Because of difference in loading and depth the 
common Junction. Since junction n is common to both 
plates n and n-1; the strains and hence the stress there 
must be the same for both plates. But this can gene~ally 
only be possible 1f a longitudinal shearing force Tn is 
acting along this joint which tends to equalize the 
stresses 1n both plates meeting at the common Junction. 
7 4~ Z• -th1. /fl, 
- --j~ :6 = T 6 :!- fh! +__:r_ h, ,4h - A -~ 6 
.Z]:f 








Tn-t ~~ z ~.. ,f.~" .,c,;_,.. 
(b) 
P!gure 4. Long1 tud1nal Stresses at e Joint ot Two 
Ad iacent rnates 
2) 
The stress of junction n of plate n dUe to the moment 
written as: 
M 
f • - _n 
n,n zn 





It is observed from Figure 4 that the longitudinal 
stress at junction n will be 
4 Tn __ f 4 Tn 
f = f + -
n n,n An n,n+l - An+l {1)) 
From which Tn can be determined: 
A A 
T (f f ) n n+l 
n = n,n+l - n,n 4(An + An+l) (14) 
When the value of ~n from Eq. (14) is substituted 
into Eq. (lJ), the stress can be obtained. 
An+l 
fn = fn,n + (fn,n+l - fn,n) An+ An+l 
A 
= f - (f - f ) n 
n,n+l n,n+l n,n An+ An+l 
(15a) 
{15b) 
Eqs. (15a,b) provide the basis for the stress dis-
tribution method by which the stresses can be determined 
without knowing the shearing foroe Tn. 









Now it is seen from Figure 4 that the snearing force 
T causes at junction n-1 of plate n the stress -2Tn/An n 
and at junction n+l of plate n+l the stress 2Tn/An+l• 
Comparing these stresses with those caused by Tn at 
junction n, it will be found that they are minus one-half 
of their magnitude. This denotes that the carry-over 
factor is -1/2. 
). Shearing stresses. 
For a. complete design, it is necessary to check the 
shearing stresses. The shearing stresses v at any point 
in the folded plates are induced by the shearing forces T, 
which can be calculated from the equilibrium of the hori-
zontal forces (Figure .5). 
Figure .5. Equilibrium of Horizontal Forces 
T = J fdA 
The resultant shearing forces N can be obtained by 
N = j Tdx 
Thus beg1n1ng at the left edge, the resultant forces 
at the ridges will be: 
N1 = -1/2 (f0 + f 1 )A1 
1/2 (f1 + r 2)A2 
1/2 (f2 + f))AJ 
The general form can be written as: 
The longitudinal shearing force N1 at any point 
between joints is 
NY = N2 1/2 (f2 + fy)ty 
or N = N - 1/2 ty(fn-l + f h-Y) y n-1 n-1 h 
-1/2 tyf l. 
n h 
The resultant shearing force at the middle of the 






Since the variation of the.longitud1nal shearing 
force NY is similar to the moment Mrt due to the load Pn' 
~' var~•• par.bol1oal1t. 
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For a simply supported structure, subjected to a 
uniformly distributed load, M = wL2/8, and the moment max 
at any distance x from the support 1s 
M = wx(L-x} = M 4;~JL-xl X 2 max L2 
N = N 4x{L-xl y max L2 
Because'Ny is proportional to Mx' then 
NY = (Nma:x/Mmax> /Mx' and 
dN N 
v = 1 __z = 4 max (L-2x} 
t dx tL2 
N dM !. max x 
vmax = t M dx 
max 
= Nmax wL/2 = 
t wL2/8 
N V 
= max x 
tMmax 
N 4 max 
tL 
and if loaded by a sine curve load the shearing stress 
becomes 
M = M sin~ 
max L 
7tX N = Nmax sin -r-
N 1t 
max 'cos~ 








Therefore, combining Eqs. (23), and (27), the total 
shearing stress can be obtained. For practical design 
the shearing stress obtained by the sine curve load or 
normal curve load is quite small compared with the value 
obtained by the elementa~ analys1st hence, the s&oond 
.tet'lll, Eq, ( .27), ean ba negleotad.. 
. 
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Theoretically, for a beam fixed at one end, supported 
at the other, subjected to an uniform distributed load, 
the shearing stresses can be obtained from the following 
derivations. From Table I of the Appendix, 
Mmax = wL2/14.28 
)wL wx2 
MX = 8 X - ~ = M (5.36x _ max L 
2 N = N ( ..2..:..J.2. x_ 7, 14x ) 
y max L L2 
2 
v = 1 N (..2..:..J.Q _ 14,28x ) 
t max L L2 
2 7.14x ) 
L2 
For a beam fixed ·at both ends, subjected to a·· 
uniform distributed load, the shea~lng stress will be 
expressed as follows: 
from Table II of the Appendix, 
= M ( 2x 2 
max L 
N = N (2Lx - 2 y max 
v _ 1 N ( 2 _ 24x) 
- t max L L2 
Practically, as the shearing stresses .are small 







obtained by considering the plate as a simply supported 
beam for convenience and simplicity. 
EXAMPLE 1. 
The folded plate roof with two equal spans shown in 
Figure 2 will be analyzed for its own weight only. 
The loading was computed as follows: 
Weight of plate = 1/4 x 150 = 37.5 psf 
Weight of edge beam = 150 x 7/12 x 4 = 350 lb/ft. 
Table I provides the general data of the cross 
section. 
a. Elementary Analysis: 
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i. Transverse slab analysis. A unit strip taken 
.from the folded plates 1s assumed to act as a continuous 
one way slab on unyielding supports. The transverse slab 
moments are determined in Table II, and the· reactions at 
each joint are computed. 
The moment distribution factors at joint 2 are 
- 3/4 1 D21 - l + 314 = 0.428 n23 = -1~+--J~/~4 = 0.572 
Figure 6(a). Basic Loading of Example 1 
The fixed end moment will be 
MF2 l = 1/8 X 7. 794 X 9 X .37. 5 = )28. 8 ft-lb/ft. 




(a) Plates ' 
Plate h, in t,in A, in s,in p5 sins& cos¢ 
No. feet in. sq. ft. cu. ft. 
1 4.0 7 2.333 1.556 90° 1.00 0 
2 9.0 3 2. 250 3.375 30° 0,50 0.866 
3 9.0 3 2.250 3.375 10° 0.174 0.985 
(b) Joints 
Joint ~ sin~ cot oe. 
0 0 0 0 
1 60 0.866 0.576 
2 20 0,342 2.750 
3 20 0.342 2.750 
(c) Moment distribution constants 
Joint Plate Relative Stiffness Distribution 
.o 1 
--- ----
1 l KlO = 0 0 
2 Kl2 = 4 1 
2 2 K21 = 3/4(4) = 3 0,428 
3 K~3 = 4 0.572 
3 3 K32 = 4 0,.500 
4 K34 = 4 0.500 








Moments, Shears and Joint Reactions in Transverse 
One Way Slab at 0.4L from the Outer Support 
1 2 3 Joint 
12 21 23 32 Member 
0.428 0.572 0 Dist. factor 
--·~-·--- -~-------·· H ~· •••• 
328.8 .-249. 2 249.2 F. E. Moment 
-34.1 -45.5 Distribution 
-22.8 Carry over 
I 294~7 -294.7 226.4 Final moment 
-37.8 I 37.8 7.7 -7.7 M/hcos 9S 
168·.8 168.8 . 168.8 I 168.8 wh/2 
480.9. )83.08 )22.1 Joint reaction 
i1. Longitudinal plate analy§.!..§.. 
(1) Plate Loads. The vertical joint reactions 
are resolved into components parallel to the conti-
guous plates by using Eq. (12). The plate loads 
acting on each plate are tabulated in Table III. 
TABLE III 
Resolution of Ridge Loads 
(1) (2) (3) (4) (5) (6) 
Reaction cos .¢n+l =(l)x(2) cos ¢n-l R Plate lb./f~ n-1 Loads sin cJ. sin ~n-l x(4) n lb./ft. 
480.9 480.90 
~R~ n ?.877. 110l.q£5 0 0 1101.9.5 
(2) Free edge stresses. It is assumed tempor-
arily that each plate bends independently due to 
plate loads. The maximum stress and deflection 
occur approximately at 0.4L from the outer support. 
The moment due to a uniform load will be (refer to 
Table I of the Appendix) 
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M0.4L 
PL2 (34) = 14.28 
M' PL2 (35) f = s·= 14.28 s 
The free edge stresses are tabulated in Table IV 
(3) Free edge stress distribution. The free 
edge stresses are distributed in order to determine 
the actual edge stresses, which must be equal at the 
joint. 
TABLE IV 
Free Edge Stresses 




Load L 65 
lb/ft. cu. ft. 14,28 = 14.28 kip/sq. ft. 
480.9 1.556 295.87 91.45 
1101.9 3.375 295.87 96.60 
-44.36 3.375 295.87 -3.89 
The free edge stress distribution is shown in 
Table V; and is plotted in Figure 6. The stress 
distribution factors, by using Eq. (16), are 
)2 
D11 = A2/(A1 + A2) = 2,250 = 2.JJJ + 2.2.50 0.4909 
D12 = A1/(Al + A2) = 2.333 ~ 0.5091 2. JJJ + 2.C.Z50 
022 = A2/(A2 + AJ) 2 • 2 ~2 ... o ~oo • 2.250 + 2.2.50 • •J . 
D23 = 0 • .500 
TABLE V 
Stress Distribution 
0 1 2 J Joint 
·- ---··-- -~ 
11 12 22 23 Member 
-
. -·- ..... 
.. ····-··· " " 
0.491 0 • .509 o. 50 0 • .50 Dist. factor 
-----·-··· 
.. - ... --· .. 
. --·· """--
-0 • .5 -0 • .5 -0 • .5 c. o. factor 
··-
,.,. ___ 
- ... ~ -----~ ... 
91. 4.5 -91.4.5 -96.60 -96.60 
-
).89 ).89 F. E. stress 
92.)) -9.5.72 46.36 -46.36 Distribution 
. -··· ~--- - .. .......... 
~46.17 -23.18 47.86 23.18 Carry over 
-11.38 11.80 -23.93 23.93 Dis t:r:~.?..':l:~i on 
~·-- -----~--~-
5~69 11.97 -.5.90 -11.97 Carry over 
5.88 -6.09 2.9.5 -2.9.5 Distribution 
---·····--·-· ·-· ....... 
-2.94 -1.48 3.05 1.48 Carry over 
-0.73 0.75 -1.52 1 . .52 Distribution 
-·· ............ 
" ____ .. __________ 
·---~-
0.36 0.76 -0.38 -0.76 Carry over 




-- ... -· - .. 
.... 
-0.19 -0.09 0.19 0.09 Carry over ! 




. ... ... ·--
48.23 -4.99 -4.99 -27.84 ~27.84 15.86 Fmal Stresres 
Since the moment at the intermediate support due 
to an uniform load is 1/8 wL2 , the stresses are pro-
portiona1 to the bending moment, but of. opposite sign. 
f __ f X -14.28 
x=L - x=0.4L 8 ().5a) 
f 
- ......... ~-~--:-;3 
'--...,"""< .... 
,.,-: '8, 
(b) Distributed Free Edge Stresses At x:0.4L 
, 
~,. Z3 0 
(c) Distributed Free Edge Stresses At Intermediate 
Support 




(4} Plate deflections. From the equalized edge 
stresses, the plate deflections at o.4L can be com-
puted. For a uniform load, the deflection ls (from 
Table I of the Appendix) 
ML2 
Yo.4L = 12.99 EI ( )6) 
in which the moment at x = o.4L ls 
fb - f 
M0.4L = 2 t S (J?) 
substituting Eq. ()7) into Eq. (J6) 
1 fb - ft SL2 
Yo.4L = 12.99( 2 }~ 
For a rectangular plate ~ = ~ 
1 fb - ft L2 
Yo.4L = 12.99( h )E ( 38) 
Assuming E is 105 kip/sq.ft., the plate deflec-
tions in terms of the free edge stresses at X = 0.4L 
are found as follows: 
2 (-27.84 - 15.86)x65 = _0 0162 ft 
12.99x9xE · • 
2 (-4.99 + 27.84)x65 = 0 00826 .ft 12.99x9xE • • 
(48.38 + 4.49~x652 = 0.0433 ft. 
12.99x xE 
b. Correction Analysl s: 
1. TQlll syer me .slab anBlrv:s i·§h The anal;ys t s is made 
for an arbitrary rotation of the plate at the section 
o.4L f~om the outer support. The fixed end moment at 





The fixed end moment at plate J is 
-6 ft-k. 
By moment distribution, the transverse moments, 
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shears and joint reactions may be computed as in Table VI. 
i1, Longitudinal plate ·analysis. The same procedure 
as the elementary analysis will be repeated for plate 
loads, stresses and deflections caused by the rotations 
of those plates. Longitudinal moments due to normal 
curve loads will therefore be 
M0,4L 
PL2 (39) = 17.53 s 
and fo.4L 
M PL2 (40) 
= s = 17.53 s 
ML2 - (fb- f t)L2 (41) Yo.4L = 13.56EI - 13.56 Eh. 
f - f x=L - o.4L X ii:g6 (42) 
Plate loads, free edge stresses and the stress dis-
tribution are shown in Tables VII~ VIII, and lX. 
The plate deflections are computed from Eq. (41). 
For (a) an arbitrary rotation of Plate 2 
2 (68,27 ± 90,43) X 65 ::: 0.124 Y1· = 13.56 X X E ft, 
~; ~ (-90,i~.§61:6~5~)Ex 652 ~ ·0.082 ft. 
• 








Slab Action and Plate Loads Due to an Arbitrary 
Rotation of Plate 2 
For an arbitrary rotation of Plate 2 
1 2 3 Joint 
12 21 2) 32 Member 
1.000 0.428 0.572 0.5000 Dist. factor 
-3.000 F. E. moment 
1. 286 1.714 Distribution 
0.857 Carry over 
-1.714 1.714 0.857 Final moment 
0.220 -0.220 r-0.290 0.290 m(hcos ¢) 
0.220 
-0.510 0.580 Joint reaction 
For an arbitrary rotation of Plate J 
1 2 3 Joint 
12 21 Member 23 32 
r----- -· 




______ ... __ ,.._,.~~-
-6.000 -6.000 F. E. moment 
2.568 3.432 Distribution 
1.716 Carry over 
-···~ ...... ~-·~·-··~·--- ~.568 -2.568 -4.284 Final moment 
-0.329 0~)29 0.773 -0.773 m/(hcos ¢) 
-0.)29 1.102 -1.546 Joint reaction 
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TABLE VII 
Resolution of Joint Reactions 
(a) For an arbitrary rotation of Plate 2 
(1) (2) ( J) (4) (5) 
cos¢n+l cos,Sn-i R Plate Plate Reaction =(1 )) X n-1 Loads sine( sinot i x{4> n (2 n- k/ft. 
1 0.22 0.22 
2 
-0.51 2.-877 -1.467 0 0 -1.467 
J 0.58 2.;877 1.669 2.~35 -1.29 2.961 
(b) For a? arbitrary rotation of Plate 3 
1 
-0.329, -0.329 
2 1.102 2.877 J.l7 0 0 3.170 ,J 
J -1.546 2.877 -4.448 2.5)5 2.79 -7.242 
. 
TABLE VIII 
Free Edge Stresses for an Arbitrary Rotation 
Plate s L2 652 fb ::: -ft Wlate Load 
k/ft. cu. ft. 17.53 = 17.53 kip/sq. ft. 
. 
(a} ·For an arbitrary rotation of Plate 2 
1 0.22 1.556 241.02 45.87 
2 
-1.467 3. 375 24'1. 02 -104.76 
3 2.961 3.375 241.02 211.45 
,, 
' - ' ' 
{b) For an arbitrary rota~ion of Plate 3 . 
l ... o.,29 1.556 241.02, -68.59 
2 3.170 3.375 241.02 ' 226.38 
3 -7.242 3.375 241·.02 -51?.17 
TABLE IX 
Stress Distribution Resulting from an Arbitrary Rotation 
(a} For an arbitrary rotation of Plate 2 
(b) For an arbitrary rotation of Plate 3 
~129.01 189.44 189.44-340.45~340.45 428.83 Total 
Jl., 
• 




For (b) an arbitrary rotation of Plate J 
" C-129.01 - 189444) 2 yl = X 65 = -0,12)8 ft. 1).56 X X E 
" 
. 2 
Y2 = (182 1 44 + ~40 1 45l X 6j = 0 18)4 ft. 1).56 X 9 X E " 
" ~-J40 1 4~ - 428 1 8)} X 6~2 = -O 2663 y3 = ft. 13.56 X 9 X E • 
The general expression of the geometrical relation-
ship between deflections and rotations, as shown in 
Figure 7, is 





The final deflections must be expressed in terms of 
numerical results obtained from the elementary analysis, 
Y10 , Y20 , YJO' plus those for the various ·rotation solu-
tions, each multiplied by an unknown factor kn• 
The arbitrary rotation was 
EI 6 ft-k n 




2 1 9_ 2 X]) X 12 ~2 h2 X = k2 o.622k2 EI 2 k2 = (1./4)) X 105 = 
~ 3 = o.622k3 
by geometrical relationships, ~sing Eq. (4J) 
.62 = o.622k2 = -l.l.5y1 + 3.32y2 - 2.92y3 
. • " • f " 
= -l.l.5 (ylO + Y1 k2 + Y1 k3) + ) .. )Z{y 20 + Y2k2 + Yt)) 
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~2 = 0.0238- o. 7442k2 + 1.6724k3 = o.622k2 !45) 
similarly, 
AJ = -0.1571 + 1.1887k2 - 2. 7790kJ = O. 622kJ ( 46) 
Solving Eqs. (45) and (46) 
k2 = -0.0726 
c. Superposition: 
k = -0.0701 3 
The final value of the longitudinal stresses, trans-
verse moments and deflections by combining the elementary 
analysis and the correction analysis are. summarized in 
Tatiles X, XI, and XII, and are plotted in Figures 8, 9 
and 10. The stresse·s at the middle support can be obtain-
ed using Eqs. (35a) and (42). · 
. TABLE X 
Longitudinal Stresses 
(a) Longitudinal stresses at 0.4L 
~oints Elementary Correction Analysis Total Final 
Analysis Rotation Rotation Correction Va.J.uef: 
of Plate 2 of Plate 3 
' 
k/sqft 
0 48.23 -4.96 9.04 4.09 52.32 
1 
-4.99 6.59 -13.28 -6.69 ~11.68 
2· -27 .·84 -10.64 23.87 13.23 ~14.61 
J 15.86 12 .. 99 -30.07 -17.08 -1.22 
(b) Longitudinal stresses at .the middle support 
0 -89.2.3 7.49 -13.67 -6.18 •95.40 
1 8.91 
-9.95 20.07 10.11 19.03 
2 49.70 16.07 -J6.07 -19.99. 29.71 
-
'"'"'0 41"J, _,Q l..h 4'5.4'5 25.81 -2.50 
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TABLE XI 
Transverse Bending Moments at 0,4L 
Joint Elementary Correction Anal~sis Total Final 
Analysis ------··--- Rotation . Correction Rotation Values 
of Plate 2 of Plate 3 ft-lb. 
1 0 
2 
-294.72 -124.44 180.02 .55.58 ~239.14 
3 ~226.40 62.22 -300.31 -238.09 r-464.49 
TABLE XII 
Def£ections at 0.4L 
Joint Elementary Correction Analysis Total Final 
Analysis Rotation Rotation Correction Values 
of Plate 2 of Plate '3 ft 
1 0.0433 -0.0090 0.0087 -0.0003 0.043 
2 0.0083 0.0060 -0.0129 -0.0069 0.0014 
3 -0.0162' -0.0082 0.0187 0.0105 -0.0057 
In the above analysis the intermediate supporting 
stiffener is assumed to be a rib. A tie between point 2 
and 6 would effect a saving, but could be omitted because 
of headroom and appearance.. As the shearing stresses .are 










F. Folded Plates Continuous Over Three Spans. 
Since the loading and span are symmetrical about the 
center line, only the center and left exterior spans wl~l 
be investigated. These will be considered individually. 
The exterior spans h~ve the same behavior as that analyzed 
in the previous example of two equal spans, and the center 
portion has both ends fixed. 
There exists a considerable difference in the deter-
mlnation of the longitudinal moment over each of the two 
inner traverses in comparison wit~ the moment over the 
middle traverse of two equal spans. That is, the end 
moment, wL2/8, of a single beam subjected to a uniformly 
distributed load with one simply supported end and one 
fixed end is exactly equal to the moment at the middle 
support of a continuous beam with two equal spans. There-
fore, the stresses at the middle traverse are proportional 
to the maximum stresses at 0.4L of the span. But the 
longitudinal moment over each of the two inner traverses 
in a continuous folded plate with three spans is not the 
same as the end moment of a beam with one end simply 
supported and one end fixed. 
It is known that the effect of continuity over the 
supports on stresses in shells is similar to the effect 
of continuity on stresses 1rt.ord1nary beams. Thus, for 
the ~urpoae ot evaluating the stresses on each of the 
inner traverses, the bending moment will have to be 
calculated from the three moment equation or one of the o~r 
acceptable methods in common use. 
The shearing stress in multi-span continuous folded 
plates will' be further investigated and will be emphasized 
in Example 2. 
Figure 11 shows a moment diagram for a uniformly 
loaded·folded plate with three continuous spans. 
Figure 11. Relationship between Moments and Shearing 
Forces for a Uniformly Loaded Plate with 
Three Continuou·s Spans 
As explained before, the shearing force N can be 
calculated since it is proportional to the bending moment. 
Nrnax represents the shearing force at mid-span. The bend-
ing moment on the plate at a distance x from the first 
interior support, considering continuous beam action only, 
is 
!!!. ' " t X M = (L- x) +'M + (M - M ) L (47) X 2 
4x{L-x~ ' " t ~ N = N + N + (N - N ) (48) X max L2 L 
dN 
v = 1/t _.1£ = dx 
4N " ' 
max(L-2x) + {N - N ) 
tL2 L 
For the exterior span, 
4N ' 
max(L-2x) . N 




Figure 12 shows the dimensions of the roof, the 
longitudinal spans of which are respectively 30ft. (L1 ), 
40ft. (L2 ) and 30ft. (L3 ). 
j.SZO f 




Dimensions-· or Example 2 
The general properties of the system are given in 
Table XIII. 
a. Elementary Analysis: 
The transverse moment distributions are shown in 
Table XIV. The resolved plate loads are also showniin 
Figure 12. 
The moment distribution factors at· joint 2 al"e 0.428 




!Plate h, in t, in A, in S, in ¢ sin ¢ cos ¢ 
ft. in. sq. in. cu. in. 
l 2.667 5 160 853 90° 1.000 0 
2 9.000 3 324 5832 45° 0.707 0.707 
3 9.000 3 324 5832 00 0 1.000 
TABLE XIV 
Slab Moments Due to External Loads' 
l 2 ?_. Joint 
-· 
., --~-'"'·--- .............. _. 




0.428 0.572 0.572 Dist. factor 
--- -··- --·. -· .. ···----·----
7.16w -6. 75w . 6.75w F. E . moment 
-0.17 -0.23 0.23 Distribution f----------· -~- .. --.• ····---·~--- + .. --... - ....... -~-···-· -····-
0.12 -0.12 Carry over 
I -0.05 -0.07 0.07 Distribution 
-------r----·----- . ·----------·-I 0.03 -0.03 Carry over 
! 
: -0.01 -0.02 
-
0.02 Distribution 
r------ ~--- .. -... ~.-~--· ---
'• 6.9lw -6.9lw 6.91w Final moment 
- ----~---~-----~-
-l.09w i l.09w M/hcos ¢ j 
------ I 4. 5ow -r~i~/2 4.50w 4.50w 4.50w 
Assuming w = 51.54 psf, wt. of edge beam = 254 lb/ft 
420 .520 .520 Joint reaction 
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MF22 = wL2/12 = 6.75w ft-lb/ft. 
MF21 = wah/8 = 7.155w ft-lb/ft. 
The moment M over each of the two stiffeners 1s 
obtained by the theorem of three moments 
. 
2M(L1 + L2) + ML2 = -PLi/4 - PL~/4 
·then 
-P(Li + LJ) 
M = 4( 2L 1 + 3t2 ) = -126. 39P ft-lb = -1516. 7P 1n-lb 
From the foregoing data, the calcula t1on of the free 
edge stresses can be tabulated thus: 
TABLE XV 
Free Edge Stresses from the Elementary Analysis 
- -
Plate 1 2 3 
Plate load, lb/ft. 420 735 0 
s, cubic in. 853 5832 5832 
(1) Free edge stresses at the intermediate support 
;-~ = -r ~ = ~!--s_'. __ !_~~sq. rt.f-747 I -192 ···-·-T -~--0----
---(2) Free edge stresses for the exterior span at 0.4L 
fb = -ft = 
PL~ x 12 
372 .. 4 I 95.3 I 0 14.28 i 
(3) Free edge stresses for the center span at mid-span 
2 12 PL2 x 
fb = -ft = 24 394 101 '.10 
.. 
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Stress Distribution Factors: 
324 - 6 011 = 160 + 324 - O. 7 
D12 = 1 - 0.67 = 0.33 
D2~ = D23 = 0.50 
The stress distr1 butions are performed in Table XVI. 
In determining the deflections, E is assumed to be 
2 x 106 psi. 
For a uniform load, the deflections at 0.4L in the 
exterior span are: 
- (-63.4 + 6. 4 ) X 302 X 12 = 0 00263 i y 20 - 12.99 X 9 X E - • n. · 
and at 
Y1o = (218,0+6l.4) 302 12.99 X 2. 7 X E. X X 12 
mid-span of the middle span are as 
~-66~z+6~2l 2 12 Y2o = 16 X 9 X E X 40 X = 
Ylo = C23o.s+66.z) 402 x 12 = 16 X 2. 67 X E X 
b. Correction Analysis: 




In determining the effect of the relative displace-
ments of the joints, a unit transverse strip is consid-
ered, and the ·fixed end moment at edge 3 is 
3EIA = 3 X 2 X 103 X 144 X 1/12 X (3/12)3 X 1/12 
MF = h~ 92 
= 1.1574 ft. kip per ft. 
The fixed end moments are distributed, and the mom-
ents and the shear forces are shown in Figure 13, and the 
50 
TABLE XVI 
Stress Distribution Resulting from the Elementary Analysis 
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Figure lJ. Moment Distribution Due to an Arbitrary 
Rotation of Example 2 
The free edge stresses due to the rotation at plate 
2 can be obtained. 
For the exterior span: 
' ' -148 X 302 X 12 Plate 2 fb = -ft = 17 •53 x 5832 = -15.63 psi 
Plate 1 ' ' = 105.0 X 102 X 12 fb ·= -ft 17.53 X 85J 75.40 psi 
For the middle span: 
Plate 2 f' = -f' ·= -148 x 402· x 12 16 .7 i b t 29.2 x 5832 = - • ps 
Plate 1 ' 1 = 105.0 X 402 X 12 = 8 psi fb = -ft -~9~2 x.853 °· 5 
These free edge stresses·agairi ~how incompatibilities 
·which must be removed by stress distribution (Table XVII). 
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TABLE XVII 
Stress Distribution Resulting from an Arbitrary Rotation 
The calculated deflections due to the rotation of 
Plate 2 are as follows: 
For exterior span: 
y2' = (-29.4- ~,o) x 302xl2 = -0.001697 in. 13,5 x9xE 
'= (52.4+ 29.4lx302 xl2 = 
Y1 1). 56 X .2, 67 X E o.o1·220 in. 
53 
For oen ter span: 
' = (-31. 5 - 9. 6) X 402 X 12 = 
Y2 17.lx9xE -0.00256 in. 
2 . . . 
yl' = (56.0+31.5)x40 xl2 = 0 •0184 
17.1 X 2. 67 X E in. 
Therefore, the total deflections of these plates 
will be expressed in terms of the deflections of the 
elementary analysis and the relative transverse displace-
ments 6. By using Eq. (43), the val,ues O'lllfl;be computed 
from the geometrical relations~ 
Exterior span: 
y2 = -0.00263 0.001697 62 
y1 = 0. 04380 + 0.01220 A 2 
from Eq. (43) 
-Yl . o· -Yl 
l:l = -----==--- + Y2 ( 2cot<· .4,5 ) = 0 707 + 2 y 2 
2 sin 4.5° · • 
Substituting y 2 and y1 into Eq. (44) 
~2=-0.0657 
Center.·span: 
y2 = -0.00399 - 0.002,56 ~2 
y1 .= 0.06678 + 0.018462 
Similarly, using Eq. (44) 




1 Ot the.. a~alysis will be determined The final resu ts ~A 
bv co~bin1ng the ·el~merttary eolut1ons and eaoh ot the 
::r-r 
correction solutions multiplied by its respectiveAn• The 
final results are showp in Tables XVIII and XIX. 
The value of the deflection which is parallel to the 
plate element, shown in Table XIX, is a relative value 
because an arbitrary modulus of elasticity was used. 
The vertical deflection of any joint can be calculat-
ed fro,m the plate deflections. The relationships between 
these deflections are shown in Figure 7 and are expressed 
as follows: 
The shearing forces N along the joints may be calcu-
lated from Eq. (17) 
N1 = -1/2 (-4)6.8 + 126.7) x 160 = 24,800 lb. 
N2 = 24800 - 1/2 (126.7 + lJ.O) X )24 = 2200 lb. 
The shearing stresses are computed from Eq. (49) and 
Eq. (50) as follows. 
Plate 1. - At the supports of the exterior spans, the 
302 positive simply supported bending moment is P2 8 = 
112.5P2 ft-1b. 
then, 
Nmax = 24800 x ~ = 22100 lb 
• from Eq. {50), 
= 4 X 22100 24800 -54 15' - "l 4lb/ ft 
vl 4. 5 x 360 ~ 4. 5 x 360- • 7 ... • 3- ..~9 • sq 
V' = 0 
'• 
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At the inner support x = L1 
v 1 = -54.7 - 15.3 = -70.0 lb/sqft 
At each support of the center spant the simple span 
4o2 




= 24800 X 126.4 = 39,400 
from Eq. ( 49) 
v = 39400 x 4 = 73 1b/sqft. 
1 4.5 X 480 
Plate 2. - At the support of the exterior spans at 
Joint 1 
Nmax = 22100 lb 
v1 = j ~ ~g~00 - 3 2x4~~g = 82-23 =59 1b/sqft. 
and at Joint 2 
Nmax = 22oo x i~g:a = 1960 1b 
V = 4 X 1~60 2200 = 
2 3 X 3 0 - 3 X )60 7. 28- 2. 04 = 5.24 lb/sqft. 
At x = L1 
23 = -105 lb/sqft. 
v2 = -7.28 - 2.04 = ~9.32 lb/sqft. 
At each support of the center span, and at Joint 1, 
200 Nmax = 24800 x 126. 4 = 39200 1b 
vl 
and at Joint 
= 4 x 34200 = 109 lb/sqft. 3 x so· 
200 . 
2, Nmax = 2200 ~ 126.4 = )480 lb 
'. 




(a) Longitudinal stresses at the intermediate support 
~oint I Elementary Correction Total Final l 




1 126.7 126.7 
2 1).0 13.0 
(b) Longitudinal stresses for the exterior span at o.4L1 
0 218.0 52.4 -).44 214.6 
1 -6).4 -29.4 1.93 -61.4 
2 
-6.4 9.0 -0.59 7.0 
(c) Longitudinal stresses for the center span at mid-span 
0 230.5 .56.0 -5.60 224.9 
1 
-66.7 -31.5 3.13 -63.6 
2 
-6.9 9.6 -0.9.5 -7.9 
TABLE XIX 
Transverse Moments and Deflections 
(I) Transverse Moments 
(a) Transverse moments for the exterior span at 0.4L1 
~oint Elementary ·Correction Total Fina 1 values 
Analysis Analysis Correction ft~l'b/ft. 
2 
-355.0 664.0 -4).6 -398.6 
(b) Transverse moments for the center span at mid-span 
2 
-355.0 664.0 -66.0 -421.0 
(II} Deflections 
(a) Deflections for the exterior span at 0.4L1 
1 0.04380 0.01220 -0.0008 0.0430 in. 
2 -0.00263 -0.001697 0.0001 -0.0025 in. 
{b) Deflections for the center span at mid-span 
1 0.06678 0.01840 -0.0018 o .• 0649 in. 
2 
-0.00399 -0.00256 0.000,3 -O.OOJ7 in. 
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IV. CONCLUSIONS 
The proposed method of analysis of folded plates 
developed in this paper yields satisfactory results for 
the analysis of continuous folded plate roofs in compari-
son·to the values obtained by Yitzhaki's slope-deflection 
method. 
Although the study presented herein suggests a 
practical method to design continuous folded plate roofs 
with symmetrical loading, it can also be applied to 
symmetrical folded plate roofs, unsymmetrically loaded, 
by dividing the unsymmetrical load into symmetrical and 
anti-symmetrical loa,ds. The final stresses and deflec-
tions will be obtained by superimposing the results of the 
two cases. 
The determination of the spacing of the intermediate 
supports would be based on an economic study. The thick-
ness, depths, the ma·gni tude of the angles between the 
individual plates, and the rigidity of the transverse 
stiffener are all important factors which will affect the 
spacing of the intermediate supports. 
The stiffeners must be designed to carry their own 
dead load plus the reactions imparted to them by the 
shearing forces from the adjoining plates. The stresses 
and the design of the intermediate stiffener need to be 
further investigated. 
The loads of folded plates have been assumed to be 
transmitted to the joints by transverse moments. All 
loads are finally carried by one-way slab action to the 
end support. Torsional stresses due to twist1ng of the 
plates may be ignored in this analysis. 
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TABLE I. Deflections, Moments and Shears Produced by Normal Load and Uniform 
Load for A Beam with One End Fixed and One End Simply Supported 
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TABLE II. Deflections, Moments and Shears Produced by Normal Load and Uniform 
Load for A Beam with Both Ends Fixed 
Type of Load Normal Load Uniform Load 
N w 
Deflection ~~~- I.S"~IS rc~h4.7.;sf-0S{{.7Jf:J-4fJ3Lr{JINA4l"f-J/N47.J-fJ] .£ ~z. XJ .!S-4 Curve '.jW*I'{L.z ·.lLJ _,. .t_4) 
Moment ~· Lz .1L ~ . £ L'l_z L(~ 
Curve • J7.JJ '!JN-1. 2 ,'.J.- ~h4·7.Jf+ cas4.7..Jf )~ 73'.z.J{S.NM·7.3f-o~-sw~7 J.t-;J 'Mw=a !1,...-2!-r~ 
Shear ·Curve ~~t.,~~Jt-=-/.;-:ro{{.JINIJ47.Jj ... SIN47.Jfr4.1¥J.f(CoS},.~71f-~>et>S-/.7j~g·~w·,,~.l~:- 21-L 
'· .£~ J:;;.rr;-,.sfsi)r~/,~7J{-- eos47J~·9-~ ~22.j{.51NA4-7Jf-.JIN1lJ}J} fM L-1- .11. Load Curve w = 334 ~w - I 
Maximum ciL"" M.Lz wL4 ~z. 
Deflectior Y.,:a .J"cq.r.rO • l7·1 EL ~- 38'9Ez-= ''&. ~--. .ri 
Maximum z M ... wLz. d~Er9. All. 1'1'• .t. IZ· I E.I Yo 
Moment '• Z)tZ = z , ~ t.~ X•&J.fl i. 
Minimum 
. N1,.,;,- -N.L~ 
wLz. 
Moment /7.7.["" 111-;,·--;-r 





Comparison of Deflection Curves Produced by Normal 
Curve Load and Uniform Load 
y/yo y/yo y/yo y/yo 
One end fixed, the other simply Both ends f'ixed 
supported 
0) 
x/L Normal curve Uniform load Normal curve Uniform loa a 
load load 
0.10 0.)70 O.J75 0.119 0.129 
0.20 0.687 0.691 0.)90 0.410 
O.JO 0.907 0.907 o·. 690 0.706 
0.40 1.000 1.000 0.917 0.922 
o. 50 0.9.58 0.96.5' 1.000 1.000 
0.60 0.802 0.815 0.917 0.922 
0.70 0.564 0 • .583 0.690 0.706 
p.80 0.303 0.)21 0.)90 0.410 
0.90 0.089 . o. 097 0.119 0.119 
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